The aim of this preliminary study was to determine whether young offspring of first cousin hypertensive parent(s), have higher blood pressure (BP) reactivity in response to their first BP measurement, as compared to the offspring of first cousin normotensive parents. The BP of 135 boys aged 9-10 years was measured, for the first time ever, after a 10-min supine rest, and subsequently, twice at 10-min intervals. The offspring of first cousin hypertensive parent(s) reacted with signifi-cantly higher systolic and diastolic BP than the offspring of normotensive first cousin parents in all three measurements. This study indicates that at an early age, the offspring of first cousin hypertensive parents, react with exaggerated BP response at their first casual BP measurement. We hypothesise that familial aggregation of BP may show more expression amongst the offspring of consanguineous marriage of hypertensive parent(s).
Introduction
Aggregation of blood pressure within families has been well documented. There is a significant correlation between blood pressure in parents and children 1,2 and an even closer correlation for twins. 3 Offspring of hypertensive parents have an increased risk of high blood pressure. This observation allows studies on pathophysiological mechanisms in the prehypertensive phase. 4, 5 Twins, family and adoptive studies have shown that at least 50-79% of the blood pressure variation in humans can be attributed to genetic factors. 6, 7 Compared to the offspring of two normotensive parents, blood pressure is higher in the offspring of one normotensive and one hypertensive parent, and highest in the offspring of two hypertensive parents. 8 These distributions are evident in infancy and persists through late adulthood. 9, 10 Moreover, blood pressure reactivity response to different types of stress tests is also under the influence of genetic factors. 10, 11 The offspring of borderline hypertensive fathers and normotensive mothers have higher clinic blood pressure and higher increases during mental stress than the offspring of two normotensive parents. 12 We hypothesise that this familial aggregation of blood pressure may show more expression amongst the offspring of consanguineous marriage of hypertensive parent(s). To the best of our knowledge, this represents the first study on the offspring of such families. Since most of the marriages in the Gulf States (and to a lesser extent in other Middle Eastern countries), are consanguineous marriage, especially of first cousins, we have undertaken to study the blood pressure response to first blood pressure measurement ever in the offspring of first cousin hypertensive and normotensive parents.
Subjects and methods
All 135 boys aged 9-10 years participating in a summer sports camp in the City of Muscat were screened after obtaining their parents' consent. The study was conducted in the offices of a sports complex between 08.00 to 11.00 am. Systolic (SBP), diastolic (DBP) blood pressure and heart rate (HR) were recorded by a female cardiovascular technician who did not wear a white coat, using an automatic blood pressure recorder (PROPAQ, 102; Protocol Systems Inc, OR, USA). Measurements were taken on the left arm after a 10-min supine rest in a quiet room, and subsequently, twice at 10-min intervals. The mean of two readings was taken but if the second reading differed from the first by 3 mm Hg a third measurement is taken. Weight and height were measured in a separate room with a balance scale and stadiometer, respectively. The BMI was expressed as the weight in kilograms divided by the square of the height in meters.
After all measurements were completed, a short simple questionnaire was sent home with the 135 participants. The questionnaire focused mainly on parental blood relationships and if they were taking antihypertensive medication. Figure 1 shows a schematic design of the study. In total 116 parents representing 86% of the total number responded to the questionnaire. Forty-one parents were first cousins of whom 35 (85.4%) were eligible for the study, since six families did not show up for blood pressure measurement, though reported to be not taking antihypertensive medication. The parents were requested to accompany their children to the sports complex at their convenience for blood pressure measurements. Thirteen parents were on antihypertensive medication ( Figure 1 ) and three had a DBP of Ͼ95 mm Hg on two separate visits, confirmed at a later date by an independent physician at the University Hospital. The 19 parents with a SBP/DBP Ͻ130/80 mm Hg on two visits were considered normotensive. The hypertensive group included four of both parents, two mothers only and 10 fathers only. 
Data presentation and analysis
Mean systolic and diastolic blood pressures and heart rate values of the offspring of first cousin hypertensive parents were compared to the corresponding readings of the offspring of normotensive parents. The difference between the first and third systolic and diastolic blood pressure measurements of each group was used as the index of reactivity, taking the third 30-min reading as the baseline value. Statistical analysis was carried out using the SPSS package for MS Windows (version 7.5). Differences between the two groups were performed using the independent sample t-test with 95% confidence interval. A P Ͻ 0.05 was considered significant.
Results
In both hypertensive and normotensive groups the mean age of the fathers (42, s.d. ± 4.1, range 29-47 years) was significantly higher (P Ͻ 0.05) than that of mothers (33, range 25-37 years). There was no significant difference between the BMI of the two offspring of hypertensive and the normotensive groups (17.3 ± 1.1 vs 16 ± 0.4 kg/m 2 respectively). Figure 2 shows the blood pressure reactivity and the blood pressure of the two groups at the three time intervals. Compared to the offspring of normotensive parents, the offspring of first cousin hypertensive parents reacted with significantly higher first and second and third SBP values (117, 108 and 102 vs 111, 103 and 98 mm Hg, P Ͻ 0.01, Ͻ 0.01 and Ͻ 0.05 respectively). SBP reactivity was also significantly higher in the offspring of first cousin hypertensive than in the offspring of normotensive parents (15 vs 10 mm Hg, P Ͻ 0.01). DBP values were also significantly higher in the offspring of first cousin hypertensive parents (75, 66 and 65 vs 64, 62 and 60 mm Hg, P Ͻ 0.01, Ͻ 0.05 and Ͻ 0.05 respectively). Similarly DBP reactivity in the offspring of hypertensive first cousin parents was significantly higher than in the offspring of normotensive parents (10 vs 4 mm Hg, P Ͻ 0.001). There were no significant differences between the HR of the two groups at the three intervals.
Discussion
In this study we examined the possible influences of first cousin marriage of one or two hypertensive parents on the offspring's blood pressure response to first ever blood pressure measurements. The main finding in this study was that the offspring of first cousin hypertensive parents have significantly higher first and second systolic and diastolic as well as higher baseline blood pressure values than that of the offspring of first cousin normotensive parents. Blood pressure reactivity, especially that of diastolic pressure, was also higher in the offspring of first cousin hypertensive parents.
The strength of this study is derived from the fact that it was performed on children of the same gender and age, blood pressure was measured automatically by one observer, and parental relationships and blood pressure status were obtained after the offspring measurements were completed. Further strength came from the high response rate of the consenting first cousin parents (85.4%) to the study and the children's unawareness of the importance of blood pressure to them and to their parents. One potential weakness is that this is a deductive study rather than a study relating data to parents blood pressure. Another possible weakness was that fathers were significantly older than mothers in both groups and we do not know the potential of first cousin mothers developing hypertension at a later age. It is interesting to note that of the four-hypertensive couples two mothers were newly diagnosed.
The finding that children of first cousin hypertensive parents reacted with an exaggerated blood pressure response to a simple stimulus strengthens the suggestion that genetic as well as environmental factors 12, 13 can be detected through casual blood pressure measurements. The stimulus used in this study was a relatively mild one compared to those used in other studies and yet the blood pressure increases were similar. 10, 11 We have avoided using the clinical term 'white coat effect' since its use is already causing some controversy 14, 15 and in our study we have used blood pressure readings taken after 30 min of rest as the baseline blood pressure as compared to the average 24-h blood pressure value used as a baseline for the definition of the 'white coat effect'. 14 Because reactivity of blood pressure to laboratory stimuli has been shown to be a significant prognostic marker for the subsequent development of hypertension 16 as well as for increases in left ventricular mass, 17 the exaggerated responses of these children to a relatively mild stimulus could be of prognostic importance especially in populations where consanguinity is common. In Oman, first cousin marriage under the age of 50 years in 1995 was about 54% of total marriages 18 
and in our purely
Journal of Human Hypertension urban sample it was 26%. To our knowledge no similar population has been studied in this way.
Since 50-79% of the blood pressure variation in humans is thought to be due to genetic factors 6, 7 we expect this percentage to be much higher in this and other similar populations. However shared environment in such intricate societies will be more difficult to address. This study shows that consanguinity in hypertensive families my lead to higher blood pressure reactivity and baseline levels from early childhood. This may also lead to an increase in the prevalence of hypertension in the offspring of those families. Studies in countries of similar culture have shown hypertension prevalence of 19-49%. 19, 20 When genetic factors are compounded by the environmental factors that have accompanied recent affluence in this region (including Oman), the result could be an alarming increase in the health burden of hypertension. This study indicates that the search for specific genetic factors determining or influencing blood reactivity could be a fruitful direction for further research. The effect could be attributed to a direct influence on blood pressure reactivity through the concept of the variability gene, 21 but could also be due to interactions between different genes directly influencing the regulation of blood pressure response to psychological stimuli. A number of other possible and potentially inheritable mechanisms involved in the pathogenesis of hypertension have been suggested. An evolutionary theory focuses on salt sensitivity, postulating that the high prevalence of hypertension in today's western black subjects is an effect of natural selection of individuals able to conserve salt. 22, 23 Another possible mechanism is via the renin-angiotension-aldosterone system. Polymorphisms of the angiotensin converting enzyme (ACE) 24 and the angiotensinogen 25 and other genes have been linked to hypertension in several studies but there is no conclusive evidence on the extent and importance of these different possible mechanisms. A recent study in a Gulf Arab population has shown no association between polymorphism of the ACE gene and hypertension. 26 Our own recent unpublished work and findings in similar Arab tribes in the region have shown no association between ACE, angiotensinogen, alphaadducin and angiotensin II type 1 receptor genes polymorphisms and the clinical diagnosis of hypertension. The abundance of extended families, consanguineous marriage and the advancing technology in linkage analysis will hopefully help facilitate further research into the heredity of hypertension.
Conclusion
This study indicates that at an early age, the offspring of first cousin hypertensive parents, react with exaggerated SBP and DBP responses at their first casual blood pressure measurement and that they also have higher baseline values than controls. This may have prognostic importance. Further research in the heredity of this response is highly desirable and, is feasible in most Arab communities for generations to come. At this point in time, community education on the consequences of consanguineous marriage, as well as the effects of existing and recently emerging environmental factors on the development of hypertension, are the only options that can be offered.
